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Description 

[0001] This invention relates to an open architecture 
superconducting magnet assembly for a magnetic res* 
onance imager (hereinafter called 'MRr), and more par- 
ticularly to an adjustable, versatile assembly which fa- 
ciBtates interventional procedures. 
[0002] Most MRI equipments utilize solenoidal mag- 
nets enclosed in cylindrical structures with a central bore 
opening for patient access. However, In such an ar- 
rangement, the patient is practically enclosed in the 
warm bore, which can induce claustrophobia in some 
patients. The desirability of an open architecture in 
which the patient is not essentially totally enclosed has 
long been recognized. Unfortunately, an open architec- 
ture structure poses a number of technical problems and 
challenges. Such an arrangement must still be capable 
of generating the very uniform yet strong magnetic fields 
required. 

[0003] Another important application of open MRI 
magnet assemblies is for interventional procedures 
wherein the physician or surgeon can access the patient 
for such procedures while observing the display of a se- 
lected internal portion of the patient such as the region 
being operated on or treated for example, by lasers or 
by surgical instruments or mechanisms inserted into the 
patients blood vessels or organs. 

[0004] Such procedures require open space for the 
surgeon to operate and simultaneous optimum MRI dis- 
play viewing of the selected region of the patient receiv- 
ing the operation. These at times conflicting objectives 
may require an adjustable magnet assembly in which 
the positioning of the magnets forming the imaging area 
magnet field is adjustable about a patient supported in 
various positions and inclinations. The magnet assem- 
bly at the same time needs to provide a sufficiently 
strong and homogenous field in the imaging region, and 
adjustment of the magnetic field orientation. 
[0005] in addition, it is highly desirable that such se- 
lective adjustments enable the positioning of the magnet 
assembly on animals in veterinary applications and pa- 
tients who may be in a wheel chair, on a table and/or in 
various inclinations to facilitate maximum surgeon inter- 
vention space while at the same time providing en- 
hanced surgeon viewing. 

[0006] It is therefore desirable to provide an improved 
adjustable magnet structure for an open architecture 
MRI which facilitates healthcare worker access and pa- 
tient imaging for interventional procedures. 
[0007] It is also desirable to provide a nrK>veable portr 
able magnet structure for an open architecture MRI 
which can be positioned around patients supported in 
various positions and inclinations. 
[0008] It is further desirable to provide a simple shim- 
ming arrangement in an open architecture. MRI magnet 
which facilitates adjustments of magnetic field shimming 
at a plurality of magnetic field inclinations. 
[0009] In accordance with one form of the invention. 



an open architecture superconducting MRI magnet as- 
sembly utilizes a pair of separated permanent magnets 
which provide a magnetic field and an innaging volume 
in the patient space between the magnets. A closed fer- 
5 romagnetic path forms a generally C-shaped magnet 
structure which is selectively adjustable about a plurality 
* of axes parallel to the MRI base in order to selectivety 
control the inclination of the magnetic field from at least 
the vertical to the horizontal and to optimize the imaging 
10 of a patient in the imaging area. Motor driven gearing is 
used to control movement of the magnets. The control 
of current flow through a plurality of shimming coils ad- 
jacent to the imaging area provides corrections for mag- 
netic field inhomogeneities at the selected magnetic 
IS field inclination and position. 

[0010] More particularly, a visual MRI display includ- 
ing reconstructed visual display at the magnet assembly 
enables real-time interventional procedures by a physi- 
cian or surgeon. The assembly may be more portable 
by mounting on a shielded direct current motorized 
moveable base, and shimming means are provided to 
enable magnetic honrK}geneity in the imaging volume at 
the magnetic field inclination selected. 
[0011] The features of the invention believed to be 
novel are set forth with particularity in the appended 
claims. The invention itself, however, both as to organ- 
ization and method of operation, together with further 
objects and advantages thereof, may best be under- 
stood by reference to the following description in con- 
junction with the accompanying drawings in which like 
characters represent like parts throughout the drawings, 
and in which: 

FIG. 1 shows a versatile moveable and adjustable 
MRI magnet assembly in accordance with the 
present invention. 

FIGs. 2 and 3 are simplified drawings, partially in 
cross section illustrating the adjustability of the 
magnet assembly shown in FIG. 1 and in which the 
patient is differently positioned. 
FIG. 4 illustrates a larger magnet assembly with a 
simplified magnet adjustment mechanism. 
FIGs. 5 and 6 are simplified drawings, partially in 
cross section, illustrating the magnetic field inclina- 
tion adjustment possible with the arrangements of 
FIG. 4 or FIG, 1. 

FIG. 7 Illustrates surgeon positioning and viewing 
of the patient for interventional procedure of the 
magnet assembly of FIGs. 1 -6. 
FIG. 8 is a drawing partially in block diagram form 
and partially in pictorial form to illustrate the inter- 
connection of the various elements of FIGs. 1-7. 
FIG- 9 is a block diagram illustrating a drive assem- 
bly utilized in the magnet positioning adjustments 
of FIGs. 1-8. 

FIG. 10 is a partial view of a magnet pole face illus- 
trating the shimming arrangement for adjusting 
magnetic field homogeneity for changing magnetic 
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field positions. 

[0012] Referring first to FIGs. 1 -3, a portable magnet 
assembly 10 includes a base 2 supported on wheels 4 
driven by direct current electric motors indicated gener- 
ally as 6. Housing 11 on base 2 includes the power 
source such as rechargeable batteries shown generally 
within the dotted areas 12 of FIGs 2 and 3. 
[001 3] A pair of spaced apart permanent magnets 1 4 
and 16 define imaging volume 21 therebetween and es- 
tablish a strong unified magnetic field in the imaging vol- 
ume. A magnetic flux path between magnets 1 4 and 1 6 
is provided by arms or members 1 8 and 20 and flux path 
member 24 all of which are ferromagnetic material to 
complete the magnetic path between the magnets. A 
pair of gear drive assemblies or rotatable couplings 26 
and 28 are positioned at each end of adjustable mag- 
netic positioning member 29. Rotatable coupling 26 in- 
terconnects base 2 and magnetic positioning member 
29 while rotatable coupling 28 interconnects the mag- 
netic positioning member and magnetic flux path mem- 
ber 24. Rotatable coupling 26 provides movement of 
magnetic positioning member 29 in the direction indicat- 
ed by arrows 48 (see FIG. 2) while rotatable coupling 
28 provides rotation of arms 18 and 20. and magnets 
1 4 and 16, respectively, in the direction shown by arrows 
50. The combined adjustability made possible through 
rotatable couplings 26 and 28 facilitates the selective 
positioning of magnets 14 and 16 about a desired por- 
tion, such as the head 46 of a patient 44 on a horizontal 
patient support 40 (see FIG. 2) which support may be a 
Trandelinberg mobile table which is moveable along 
floor 3 on mobile table wheels 43. 
[0014] A patient may be examined while in alternate 
patient support such as wheelchair 42. The driving as- 
semblies or rotatable couplings 26 and 28 may conven- 
iently comprise a direct current motor driven gear chain 
(described in more detail below) powered by recharge- 
able batteries 12 and controlled by healthcare provider 
36 which may be a technician, physician, or a surgeon 
operating controls shown generally as 34 to position 
magnet assembly 10 and permanent magnets 14 and 
16 in the desired position for the MRI examination of pa- 
tient 44 whether on a horizontal support or in a wheel- 
chair A visual display or indicator 38 assists healthcare 
giver 36 to properly position permanent magnets 1 4 and 
16, and in addition to control the rotation and hence the 
orientation of the magnets such that the orientation or 
inclination of the magnetic field therebetween can be ad- 
Justed over 90 or more degrees. As a result, the inclina- 
tion of the magnetic flux lines or field B can be adjusted 
from the vertical to the horizontal relative to floor 3, or 
over a greater range, including any selected position 
therebetween. 

[0015] A magnetic shimming assembly comprising a 
plurality of magnetic members is carried in trays or draw- 
ers shown generally as 30 and 32 for movement along 
with their respective permanent magnetic 1 4 and 1 6. For 



each preset position of the magnetic field other prede- 
termined magnetic members may be added to drawer 
assemblies 30 and 32. For a more detailed discussion 
of a suitable magnetic shimming assembly to improve 

5 the homogeneity of the magnetic field within imaging 
volume 21, see United States Patent 5.389,909 entitled 
•Open Architecture Magnetic Resonance Imaging Pas- 
sively Shimmed Superconducting Magnet Assembly', 
assigned to the same Assignee as the present inven- 

10 tion. 

[0016] However, it may be necessary to fine tune or 
reshim the magnetic field homogeneity of imaging vol- 
ume 21 for each of the preset positions of the magnetic 
field. This may be accomplished rapidly and accurately 
IS through use of the shimming arrangement shown in FIG. 
10. 

[0017] Referring to FIG. 10, direct current shim mem- 
bers such as 104 are positioned over or embedded in 
the face 105 of one or both of magnets 14 and 1 6 adja- 

20 cent imaging volume 21. Shim members 104 include 
windings 106 surrounding an iron laminate pin or cylin- 
der 108 which could alternatively utilize a hexagonal or 
other polygonal cross-section such as the hexagon 
cross-section 110 of shim member 112 to enable a 

25 greater density or closer packing of the shim members 
on the face 105. A dense packing is not shown in FIG. 
10 but may be desirable for increased magnetic field ho- 
mogeneity. Windings 106 are each connected to a var- 
iable direct current voltage source 116 via bifilar twisted 

30 leads 120 to control the superconducting current flow 
through the bifilar windings and to vary the flow for each 
preset position of the magnetic field. Computer 100 (see 
FIG. 8) may be programmed to provide the desired bi- 
filar current flow for each of the shim coils at each of the 

55 preset positions of the magnetic field. The bifilar wound 
leads cancel undesired magnetic fields and forces that 
current flow though the leads might otherwise introduce 
and which coukJ disturb the homogeneity of the mag- 
netic fiekd in imaging volume 21 between magnets 14 

40 and 16. 

[0018] Although not shown in FIG. 10, the ends of all 
of the shim coils 1 06 would be connected to a direct cur- 
rent voltage source such as 1 1 6 controlled by computer 
100 to provide the proper current for each preset or new 

45 position of the magnetic field. Depending on magnet 
configuration multiple coils at scattered locations could 
be connected to the same voltage source with the shim- 
ming current flow there through controlled by computer 
100 varying the resistance in series with the voltage 

so source. The computer controlled shimming could pro- 
vide an automatic second fine tuning of magnetic field 
horTK>geneity after a patient was positioned between 
magnets 1 4 and 1 6 to further enhance the quality of the 
imaging. 

55 [0019] FIG. 4 shows a larger non-portable magnet as- 
sembly 10 without wheels 4 but with a simplified mag- 
netk: adjustment drive. Referring to FIGs. 4-6, base 2 is 
secured to. or positioned directly on. floor 3 such that 
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patient 44 is moved between penmanent nnagnets 14 
and 16 on a horizontal support such as shown in FIGs. 
4 and 5. or else seated in a tiltable seat 45. Non-ferro- 
magnetb coupling gears 52 and 54 including gear teeth 
such as those indicated generally as 56 which mesh with 
gear teeth 58 on base 2 and which also provide part of 
the magnetic return path between nnagnets 14 and 16: 
Permanent magnets 1 4 and 1 6 may be rotated manually 
by control 64 on lever arms 66 as shown In simplifred 
form in FIG. 5 or may be rotated by a motor driven gear 
drive shown generally as 59. Magnet assembly 10 thus 
can be rotated as indicated by arrow 68 around patient 
44 who may be positioned within imaging volume in the 
central region between pemnanent magnets 14 and 16 
as indicated by arrow 21 and raised or lowered by ad- 
justment of patient support 40. Dotted lines 72. 73 and 
74 in FIGs. 5 and 6 indicate selectively controllable in- 
citation and orientation of the magnetic field between 
magnets 14 and 16 in innaging volume or region 21, 
while arrow 76 illustrates movement or adjustment of the 
magnetic field inclination indicated by arrow 17 (see 
FIG. 4) from the vertical to a position approximately 45 
degrees to vertical to improve imaging of a particular ar- 
ea of patient 44. 

[0020] FIG. 7 illustrates the access by a physician or 
surgeon 36 to patient 44 on patient support 40. Patient 
support 40 extends between the magnets to the imaging 
region 21 such that patient 44 being imaged is directly 
accessible to the physician or surgeon 36 for interven- 
tional procedures. Such interventional procedures may 
include surgery, the positbning of surgical devices or 
sensors within the body such as in a vein or artery, and 
the implantation of medical devices within patient 44. 
Such procedures are facilitated by providing the sur- 
geon with one or more video displays formatted and in- 
tegrated by the MRI system as described in more detail 
below regarding FIG. 8. Visual display 38 can be a con- 
ventional display from the MRI imaging system while 
visual display 39, could be, for example, a three-dimen- 
sional blood vessel reconstruction provided by the MRI 
computer. That is. the surgeon can be provided with real 
time magnetic resonance tnnaging to facilitate and ena- 
ble internal procedures in which direct visual observa- 
tion by the surgeon is inadequate. 
[0021] As further shown in FIG. 7, surgeon 36 is seat- 
ed on adjustable seat 78 on moveable platform 80 of 
surgeon's station 82 which also includes a surgeon's 
control panel 84, indicators 86 and controls such as 88 
to enable the surgeon to position and adjust permanent 
magnets 14 and 16 to provide the optimum imaging of 
patient 44. Visual display 39 may be adjustably posi- 
tioned by adjustment of articulated boom members 41 
and 90 about adjustable joints 92 and 94. Control panel 
96 on visual display 39 enables surgeon 36 to select the 
particular display desired from the MRI computer 100 
(shown in FIG. 8). 

[0022] Referring next to FIG. 8. FIG. 8 is a block dia- 
gram, partially in pictorial form which better illustrates 



the electrical interconnection of the components shown 
in FIGs. 1 -7. Magnet assembly 10 is connected to com- 
puter 1 00 with its associated display 1 02. Computer 1 00 
also generates the desired display at magnet assembly 
5 10. which if mobile will include wheels 4. These displays 
include visual display 38 which may be the same or es- 
sentially the same as that shown by display 102 at com- 
puter 100. Computer 1(X) also provides visual display 
39 with 3-dimensional blood vessel reconstruction im- 
10 ages or other images as selected by control 96 associ- 
ated with the visual display. Display 39 shows a simpli- 
fied sketch of the type of display whk:h may be selected. 
In addition, a further optional display may include a head 
mounted display 47 which may be worn by surgeon 36 
IS through use of resilient band 43 in the same manner as 
goggles or eyeglasses, or positioned over the surgeon's 
eyeglasses This enables surgeon 36 to avoid having to 
look up or away at a display such as 39 during Interven- 
tional procedures on patient 44. 

[0023] FIG. 9 is a block diagram showing one form of 
a rotatable coupling or gear drive assembly such as 26. 
28 and 59. Direct current motor 1 04 is controlled by po- 
sitioning control 34 and connected gear train 106 and 
driving gear 108 to the driven member which may be 
part of rotatable coupling 26 at base 2, or part of rotat- 
able coupling 28 at the end of arms 18 and 20. or rotat- 
able coupling 59 which directly rotates magnets 1 4 and 
16. 

[0024] It is thus to be seen that the present invention 
provkJes a flexible, adjustable magnet assembly for MRI 
imaging and interventional procedures providing mobil- 
ity, adjustability, positioning and magnetic field 17 rota- 
tional capabilities for permanent magnets 14 and 16 
which define imaging volume 21 of magnet assembly 
10. This enables healthcare worker 16 to position pa- 
tient 44 in a sitting prone or inclined position while at the 
same time positioning and orienting magnets 1 4 and 1 6 
and the resultant magnet field 17 in imaging volume 21 
at the desired inclination or orientation to enhance both 
the imaging of the patient and the accessibility of the 
patient to the surgeon for interventional procedures. A 
45 degree orientation may be desirable, for example, for 
the imaging of knees, while a thirty degree field orienta- 
tion may be desirable for an MRI guided biopsy of the 
spine of a prone patient. Magnetic field orientations 
which are intermediate the vertteal and horizontal of the 
main axis of the human body provide better access to 
the human body for medbal interventional procedures. 
[0025] Orienting magnetic field inclination 17 trans- 
verse to human txxiy 44 but parallel to the plane of floor 
3 allows for the structural supports maintaining the gap 
between the. magnet halves to be arranged at different 
positions. In general, the positions of the structural sup- 
ports will be selected to give the maximum open space 
in the vertical direction, however, selection of these po- 
sitk^ns is determined by the need to positk>n human 
body or patient 44 for the selected medical procedure. 
The flexibility possible with adjustable magnet assembly 
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1 0 facilrties imaging of people that cannot nnaintain a ly- 
ing position, increases patient support possibilities in- 
cluding typical weight bearing positions for medical eval- 
uation. A vertical access configuration allows patient en- 
try from one side of the system with comparable access 5 
for the clinician 36 from the other side (as shown in FIGs. 
4 and 7) for direct manipulation of patient 44. Different 
applications are optimized by the transportability and 
adjustability of the same magnet assembly 1 0 to the po- 
sition most appropriate for the imaging of selected ap- io 
plication with the shimming system optimizing the qual- 
ity of the image for the selected position. 



Claims IS 

1. An open architecture magnet assembly with selec- 
tively adjustable magnetic field orientation with pat- 
ent accessible magnetic resonance imaging com- 
prising: 20 

said magnetic assembly being supported on a 
base; 

a pair of spaced apart permanent magnet pole 
faces supported on said base providing a mag- 2S 
netic field and imaging volume in the space be- 
tween said magnets; 

at least one member extending between said 
magnets outside said imaging volume to pro- 
vide a magnetic flex retum path therebetween; 30 
said magnets being selectively adjustable 
about at least one axis which is substantially 
parallel to said base to selectively control the 
orientation of said magnetic field in said imag- 
ing area relative to said base to enable optimi- 3S 
zation of the imaging of a selected region of 
said patient in said Imaging volume; and 
means to correct the magnetic field inhomoge- 
neity within said imaging volume at the selected 
orientation of said magnetic field. 40 

2. The magnet assembly of claim 1 wherein said ori- 
entation of said magnetic field is adjustable for at 
least approximately ninety degrees, and said 
means to adjust said magnetic field homogeneity ^ 
Includes a plurality of adjustable magnetic shim- 
ming coils on at least one of said magnets adjacent 

to said imaging volume. 

3. The magnet assembly of claim 2 wherein said ap- so 
proximately ninety degrees extends from approxi- 
mately the vertical to the horizontal relative to said 
base. 

4. The magnet assembly of claim 3 wherein the ad- ss 
justment of said magnets is through a gear assem- 
bly including a first set of gear teeth secured to said 
base cooperating with a second set of gear teeth 



secured to the supports for said magnets. 

5. The magnet assembly of claim 4 whereir^ a second 
set of gear teeth are provided on said member be- 
tween said magnets enabling rotations of said mag- 
nets over at least ninety approximately degrees . 

6. The magnet assembly of claim 5 wherein said mag- 
net assembly can be rotated from the vertical to the 
horizontal direction relative to said base. 

7. The magnet assembly of claim 3 further including a 
visual magnetic resonance imager display located 
proximate to said magnet assembly to enable a 
health care worker to observe said display while en- 
gaging in an interventional procedure on a patient 
positioned between said magnets. 

a The nnagnet assembly of claim 7 wherein the rota- 
tion of said magnet assembly facilitates physician 
access to and viewing of selected portions of said 
patient for said interventional procedure. 

9. The magnet assembly of claim 8 wherein said visual 
display is adjustably secured to said magnet as- 
sembly. 

10. The magnet assembly of claim 8 wherein said visual 
display is configured to be wom on the head of said 
physical for movement therewith. 

11 . The magnet assembly of claim 6 wherein said mag-, 
net assembly includes at least twogearassemblies,. 
the first of which Includes stationary gear teeth on 
said base. 

12. The nnagnet assembly of claim 11 wherein said first 
gear assembly is connected to a rotatable member 
which is connected at the distal end thereof through 
a second gear assembly to said magnet assembly. 

13. The magnet assembly of claim 11 wherein said gear 
assemblies include gear teeth connected to at least 
one of said magnets and two sets of stationary gear 
teeth on said base each of which mesh with the gear 
teeth on said at least one of said magnets. 

14. The magnet assembly of claim 2 wherein a compu- 
ter controls the current for each of said shimming 
coils with predetermined current flows for preset po- 
sitions of said magnets. 

15. The magnet assembly of claim 14 wherein said 
shimming coils include a winding around a magnet- 
ic core for receiving current through a bifilar twisted 
lead pair. 

16. The magnet assembly of claim 15 wherein said 
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magnetic cores are laminated iron. 

17. The magnet assembly of claim 16 wherein said lam- 
inated cores include a p>o!ygonal cross section. 

1 8. The magnet assennbly of claim 4 wherein said mag- 
nets are moveable in at least two dimensions. 

1 9. The magnet assembly of claim 2 wherein said mag- 
net assembly is supported on a support member 
and said magnets are rotatable about an axis to 
move the magnetic field between said magnets 
from at least a vertical field orientation relative to 
said support to a horizontal field orientation. 

20. The magnet assembly of claim 20 wherein said at 
least one member is ferromagnetic material to pro- 
vide a magnetic path between the ends of said re- 
mote from said space. 

21 . The magnet assembly of claim 3 wherein said mag- 
nets are adjustable about said base to optimize the 
accessibility of the physician to the patient posi- 
tioned in said space. 

22. The magnet assembly of claim 21 wherein patient 
support means are provided to position said patient 
in a position selected from the group of positions 
consisting of seated and lying. 

23. The magnet assembly of claim 22 wherein the seat- 
ed position Is adjustable and includes a seat includ- 
ing a support portion the angle of which may be ad- 
justed relative to said base. 

24. The magnet assembly of claim 23 wherein said 
magnets are generally cylindrical in shape with an 
axial length significantly less than the circumfer- 
ence thereof. 

25. The magnet assembly of claim 1 wherein said mag- 
nets are selectively moveable In two directions. 

26. The magnet assembly of claim 25 wherein said 
magnets are connected to said base through at 
least two selectively rotatable couplings. 

27. The magnet assembly of claim 26 wherein the first 
of said at least two couplings is secured to said 
base, and is connected to the second of said at least 
two couplings through a rigid connecting member 

28. The magnet assembly of claim 27 where each of 
said couplings is a motor driven gear coupling. 

29. The magnet assembly of claim 28 wherein said 
base is moveable for positioning about a patient. 



30. The magnet assembly of claim 29 including wheels 
on said base and an electric drive for selectively po- 
sitioning said magnet assembly. 

s 31. The magnet assembly of claim 30 including a re- 
chargeable battery mounted on said base and di- 
rect current motors positioning said base and for 
driving said gear couplings. 

10 32. Themagnetassemblyof claim 31 including controls 
for each of the motors of said magnet assembly. 

33. The magnet assembly of claim 32 wherein the 
space between said magnets is selected to enable 

f 5 said magnets to surround a patient on a support se- 
lected from a seated position support and a sub- 
stantially prone position support. 

34. An open architecture adjustable magnet assembly 
20 for patient accessible magnetic resonance imaging 

comprising: 

said magnetic assembly being supported on a 
base; 

a pair of spaced permanent magnets on said 
base providing a magnetic field and defining an 
imaging volume in the space between said 
magnets; 

at least one member extending between said 
30 magnets and providing a magnetic flux path 

therebetween and spaced from said Imaging 
volume; 

said magnets being positioned to provide a 
magnetic field axis substantially parallel to said 
35 base and said imaging area to enable optimi- 

zation of the imaging of a selected region of 
said patient in said imaging area. 

35. The magnet assembly of claim 34 wherein said axis 
40 and orientation of said magnetic field is adjustable 

for at least approximately ninety degrees, and 
means including magnetic shim coils are provided 
on at least one of said magnets to correct for mag- 
netic field inhomogeneitles at various orientations 
^ of said magnetic field. 

36. The magnet assembly of claim 35 wherein said ap> 
proximately ninety degrees extends from approxi- 
mately the vertical to the horizontal relative to said 

50 base. 

37. The magnet assembly of claim 36 further including 
a visual magnetic resonance innager display located 
proximate to said magnet assembly to enable a 

ss health care workerto observe said display while en- 
gaging in an interventional procedure on a patient 
positioned between said magnets. 
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38. The magnet assembly of claim 37 further including 
a computer to provide reconstructed three dimen- 
sional images to said magnetic resonance imager 
display and to control the current flow through said 
magnetic shim coils at preselected orientations of 
said magnetic field. 

39. The magnet assembly of claim 35 wherein said 
magnet assembly includes at least two motor driven 
gear asseriiblies to position said permanent mag- 
nets and adjust said magnetic field orientation. 

40. The magnet assembly of claim 38 wherein said 
shim coils are positioned on the face said magnet 
and are provided appropriate current flow as deter- 
mined by said computer for each position of said 
magnets. 
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